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IUTBODUCTIOM 


There  i.  an  urgent  -need-to-know"  requirement  eenoernlng  the 
pmraaeter  of  personnel  hasard  aesoolated  with  non-lonlzing  eleotro- 
■mgnetlo  radiation  In  the  fora  of  mlorowaTe  and  laser  environments. 
This  Information  Is  required  for  the  establishment  of  meaningful 
environmental  health  standards,  for  the  maximal  utilization  of  oper¬ 
ational  equipments  and  for  a  1 0*1  cal  pre-selection  of  wavelengths 
In  research  and  development  of  future  systems. 

Currently,  the  laok  of  appropriate  knowledge  has  plaoed  an  un¬ 
warranted  eoonoaio  and  operational  burden  on  the  U.S.  Army  without 
ensuring  the  prevention  of  injury  to  Its  personnel.  -'-The  purpose 
of  this  investigation  Is  to  determine  the  nature  and  scope  of  4i  ‘  ‘  r 
hazards  and  to  reoonmend  the  requisite  parameters  for  health-safety. 

Por  both  alorowave  and  laser  radiation,  ophthalmic  pathology  is 
the  most  sensitive  Indicator  of  Injury.  Threshold  changes  are 
•  r  .duced  In  the  lens  with  microwave  radiation  and  In  the  retina 
with  laser  radiation.  As  the  threshold  lesions  are  not  obvious  in 
routine  ophthalmic  examination,  speolal  techniques  haws^besn  under 
development  not  only  to  permit  discovery  of  the  earliest  occurrence 
of  the  Injury  but  also  to  document  the  findings.  (  ) 
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In  order  to  delineate  the  ophthalmic  nazards  ass  .*  '  * . 

microwave  and  laser  envlronemnts ,  an  examination  -  - 

was  developed  Initially  at  the  U.3.  Army  Electronics  c  ■  a  *.  ll*ler 
at  Port  Monmouth,  Ne*  >r^ey.  Ir.  vlfH  of  the  need  - 

segment  of  personnel  oavlng  a  high  probability  of  exposure  t ^  * 

spectrum  of  radiations  under  Investigation,  additional  n*a  v 
accumulated  from  other  sites  where  appropriate  exposure  <■  ilronrr^; 
existed.  Moreover,  as  a  primary  objective  of  thin  lnvestlaatl or. 
to  accumulate  as  much  knowledge  as  possible,  data  concerrina  docu¬ 
mented  cases  of  Injury  Is  Included. 

The  threshold  patholo<rv  for  microwave  Injur.  .  ;  *  ' 

that  of  laser  Injury.  Microwave  radiation  produces  rl -a  r . 

"thermal"  type  of  cata-act  making  Its  lures  no'  appearance 
capsul.  laser  radiation  pr  >duces  primarily  a  retinal  burr.,  similar 
to  o  ner  sources  of  intense  light,  aakln*  Its  thresnold  appearance 
In  tne  pigment  epithelium  layer  of  the  retina,  Por  these  reasons, 
the  emphasis  of  clinical  examination  was  placed  on  silt-lamp  blo- 
mlcroscopy  with  stereo-p.notographlc  documentation  ‘o  de'.ec*  1"  • 

Jury  induced  by  microwave  radiation  an*  ophthalmoscopy  wl*  ‘  ir.d  is 
photographic  documentation  *o  de* ect  chorine** 
high  In-enslty  llsh*  -id  atl 


RESULTS 


The  signature  of  Injury  being  different  for  the  two  environments 
requires  a  dichotomy  for  the  presentation  of  the  results  separately 
Into  microwave  and  laser  data. 

MICROWAVE  DATA 

Prior  to  this  report,  five  Instances  of  microwave  cataracts  have 
appeared  In  the  literature.  Analysis  of  these  cases  revealed  that 
the  Initial  site  of  pathology  was  not  In  the  lens  satsten^e  Itself, 
instead,  In  tne  capsul  surrounding  the  lens  at  Its  posterior 
i' or! ace.  rdinarlly  there  occurred  a  latent  period  of  months  to  years 
r“  the  Initial  oathology  appeared.  Normally,  the  lens  capsul 
ran  parent  approximately  one  micron  thick  and  smooth.  Careful 
r-lt-lamp  examination  discloses  that  the  microwave  Injured  capsul 
b.  c.  res  opaque,  thickened  and  rough.  Gradually,  this  process  spreads 
until  the  entire  posterior  capsul  and  part  of  the  anterior  capsul  Is 
Involved.  At  this  point,  which  again  may  take  months  to  years  before 
it  appears,  the  individual  may  not  yet  be  aware  that  there  Is  anything 
abnormal  about  nls  eyes  because  the  filtering  effect  of  opacification 
of  the  tnin  lens  capsul  Is  minimal  and  the  ler.s  substance,  itself.  Is 
completely  transparent  and  refracts  light  normally.  Although  the 
process  suall.v  ts-res  veers  to  reach  tnle  stage  of  development,  the 
ncj-  p ■  ia •; e ,  extensive  ooaclf lcatlo.n  of  the  lens  substance,  occurs 
'  a. li lily  and  results  n  ♦'he  formation  of  a  ciln'  al  cata  ract  associated 
with  a  loss  cf  vlr  ;=>  acuity.  If  for  t'r  r«*  tlx*  at  th'r 
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stage.  It  is  lapoeelble  for  the  ophthalaologlst  to  determine  the 

etiology  of  the  oataraet  except  by  presumptive  history  of  exposure. 

In  addition  to  the  abox*  aentioned  fixe  indixlduale,  26  not  prs- 

xiously  reported  eases  of  aiorowaxs  lens  daaage  are  inoluded  in  this 

itttxijr  so  that  the  numbar  of  doouaented  alcrowaxe  Injuries  now  totals 

31,  Of  the  26  new  oases,  only  one  has  progressed  to  the  stage  of 

olinloal  cataraot  and  less  of  xision.  Bight  others  haxe  been  examined 

no re  than  onoe  eaoh  and  demonstrated  progression  of  findings.  The 

findings  in  the  remaining  1?  haxe  either  been  dormant  or  there  has 

only  been  a  single  examination  performed. 

It  Is  premature  to  present  any  reliable  statin “ leal  data  oonc0-  - 

ln«  the  Incidence  of  mlcrowav*  damage  to  the  lens.  However,  at  one 

site,  there  Is  both  a  hla-n  probability  of  exposure  to  lexels  of 
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irradiation  exoeedlng  10  aw/oa  and  a  good  capability  for  obtaining 
reliable  free-field  aeasureaents  demonstrating  that  the  permlsaable 
lexel  was,  in  faot,  exoeeded.  The  most  recent  surrey  at  this  In¬ 
stallation  resulted  in  the  examination  of  79  men  so  sxposed  end  in 
ths  dlseoxsry  that  15  of  them  had  ophthalaologloal  evidence  of  micro- 
wars  injury. 

i-ASSH  DATA 

La6t  year,  a^ter  having  examine^  about  *"  Individuals  *»*>r  n<z  In 
Ias*r  environments  and  anal  veins'  :  *  r* s’i . '  «  vt  was  found  *hat 


approximately  25*  had  retinal  pigmentary  aberrations  suggestive  of 
photic  Injury.  In  none  of  these  cases  was  the  visual  acuity  reduced 
ncr  was  tner*  any  known  direct  exposure  to  a  laser  beam.  As  all  of 
these  scientists  nave  worked  with  other  intense  light  sources  before 
aril  during  their  laser  employment  and  as  exposure  to  any  high  intensity 
j  i?r»t  source  cou.d  produce  irreversible  changes  in  tr.e  photostaolle 
d laments  of  the  r*tinaf  It  became  obvious  that  the  optical  pumping 
devices,  such  as  xenon  flash  lamps,  were  not  only  dangerous  but  also 
probably  constituted  the  greatest  po  rtlon  af  the  environmental  .nazard 
associated  with  the  laboratory  use  of  laser  devices, 

for  the  specific  types  of  ocular  pathology  found,  nyperol -mentation 
of  tne  macula  and  mlnut*»  areas  of  depl ^mentation  or  bleaenln g  of  ♦’he 
r° - 1  >1  r  1  xo.‘  nt  e p  1 1 he  1 1  um ,  intense  1 1  ah  t  was  the  etlo.oalca;  factor. 

I:  ill  not  rjrtt'T  -nether  or  not  the  source  was  broadly  spectrai.  in 
1 1  s * ;  ri but i on  or  -nonocnromat  ic .  Ai^oouah  other  late  abiotic  effects 
should  ce  looker*  for  and  sporadically  may,  at  some  future  time,  become 
apparent ,  attention  mast  be  centered  on  changes  In  the  pigment  epi¬ 
thelium  of  the  retina  at  this  time  for  two  compelling  reasons. 

The  first  Is  that  urvler  direct  examination  of  the  retina  when  it 
is  Irradiated  with  laser  illumination,  the  minimal,  non— transient, 
permanent  lesion  disc»rnabie  is  an  area  or  d^rlam^r.ta^  1  on  1  r.  th** 
pigment  -plthelium  o'"  t*  e  retina  correspond! ng  precisely  -o  -n** 


focal  imatfo  of  tne  laser  on  the  retina.  The  second  is  that  1  r.  two 
cases  of  Inadvertent  exposure  of  the  retina  to  laser  Irradiation  at 
approximately  threshold  Intensities,  both  subjects  permanently  re¬ 
tained  deplamented  areas  in  the  plarment  epithelium  of  the  retina 
coinciding  In  location  and  size  with  the  retinal  lma«e  of  tK  laser 
team. 

To  recapitulate  two  significant  findings  have  been  discovered  Ir. 
personnel  Inhabiting  environments  of  nlsrh  Intensity  ilcht,  (I)  nyper- 
plsmentat Ion  of  the  entire  macula  and  (2)  depls^mentatl  on  xlnut* 
areas  within  the  macula.  In  a  pooiei  sample  of  ?37  individuals 
working  with  Intense  llopit  sources,  approximately  na  i  hvp^rpitf- 

xentatlon  o'’  the  macula  an'  lot  ("0  individuals)  nad  minute  ar«*--»s  ~>r 
permanent  d°pl*mentat Ion  In  tre  macula.  Hon®  .a  ve .  exhibit-,  a 
loss  of  visual  acuity  at'ritutaole  to  these  flndlnrs. 

Aside  *'rom  the  above,  an  additional  dlsquletina  flndlnc  bears 
mention,  Ir.  one  eye  of  one  Individual  a  melanoma  was  discovered. 


o 


DISCUSSION 

NloroMT*  Mtrnat  tea  baai  found  to  bo  wn  ftmlant  tbna  hero- 
toforo  suspected.  Although  nosy  of  its  features  hava  not  yot  boon 
fully  delineated,  o  nunbor  of  now  footoro  ho  to  otoItoS  uN  tho  patho¬ 
genesis  hoo  booono  flrnly  ootnbllohod.  Ordinarily  rotroopootlro 
OToluotiono  of  onTironnontol  lorolo  of  irrodiotion  onnnot  bo  porfomodi 
fortultouoly ,  however,  ot  ono  fooillty  tho  oopobility  for  taking 
flold  nooourononto  woo  oxoollont.  In  foot,  sono  nonboro  of  tho  flold 
oeosuronont  toaoo  developed  alnlnol  but  doflnito  findings  ottrlbutoblo 
to  mlorowoTo  radiation.  Tho  now  cocos  dlsooTorod  ot  this  fooillty 

indicate  that  tho  throohold  toIuo  for  huaan  alorowoTo  ootaroctogenesls 
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aay  approxlaoto  100  nw/oa  lnstoad  of  tho  prooloualy  aoooptod,  state- 

2 

of-tho-art  toIuo  lying  botwoon  )J0  and  fOO  aw/oa 

Currant  ly,  photographs  of  tho  lono  taken  by  noons  of  tho  Donaldson 
storoo  canora  oro  tho  boot  aothod  for  doouaentlng  this  typo  of  path¬ 
ology.  However,  tho  oystM  lo  not  sonsltlTo  onoagh  to  poralt  photo¬ 
graphing  tho  lnooption  otago  of  tho  injury  although  lator  stages  oan 
be  photographed.  Wo  ore  attenpting  to  iaprowo  tho  oaaera  perfornanoe 
by  utilizing  better  definition  flla  and  aodlfying  tho  lllualnatlon 
system. 

Retinal  changes  due  to  Intense  light  souroes  hare  long  boon  known 
to  oocur.  However,  It  hao  never  before  boon  suspaotod  that  hyper- 
plgnentrtlon  of  the  macula  was  associated  with  suoh  environments.  A 


statistical  incidence  of  this  finding  in  25<  of  potentially  exposed 
personnel  requires  its  complete  evaluation  as  part  of  the  continuing 
study  in  order  to  determine  whether  or  not  hyporplg'-.enta t ion  of 
the  macula  represents  a  physiological  response  or  an  ear^y  stage  of 
irreversible  Injury . 

Deplgmentat  Ion  of  a  minute  portion  of  the  pigment  epithelium  of 
the  macula  represents  an  irreversible  Injury.  On  the  one  hand.  It  is 
very  surprising  to  find  an  incidence  of  10^.  On  the  ether  hand,  it 
is  not  surprising  to  find  that  this  has  occurred  without  loss  of 
visual  aoulty  because  each  of  these  lesions  involves  a  minor  portion 
of  the  macula  and  foveal  sparing  has  been  present  in  all  of  the  cases 
discovered  to  date.  However,  with  continued  exposures  the  probability 
exists  that  loss  of  vision  will  be  sustained  by  a  segment  of  this 
population. 

The  one  case  of  melanoma,  by  Itself,  does  not  permit  analysis. 

In  view  of  the  facts  that  It  is  unlikely  to  be  found  occurring  spon¬ 
taneously  In  such  a  small  population  as  reported  herein,  that  it  is 
a  type  of  abnormality  suggestive  of  an  abiotic  effect,  and  that  such 
a  finding  has  been  produced  in  one  primate  eye  following  exposure  to 
laser  radiation,  its  implication  cannot  be  ignored.  Instead,  con¬ 
tinued  observation  of  its  course  and  search  for  additional  cases  are 
requl  red  . 

Documentation  of  the  retinal  findings  Is  readily  achieve'4  by 
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f uni  is  photography .  However,  In  order  to  permit  more  accurate 
.  1 1  v  s  l  s  ,  both  Qualitative!/  and  quantitatively.  In  the  decree  of 
i  er;.  lcB;ent.atlon,  we  are  deve^opinc  a  method  for  obtaining  densl 
t  . 'tetri'  ■  -asu-®-.entP  of  this  factor  directly  from  the  retinal 

- uotocraphs . 
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CONCLUSION'S 

The  eye  serves  as  a  unique  organ  In  which  to  determine  the  hazards 
associated  with  the  radiation  environments  of  lnteres*  to  this  In¬ 
vestigation  for  the  following  reasons: 

1.  Ocular  tissues  are  Injured  hv  each  of  these  radiation 
environments  In  a  predictable  manner, 

2.  9acn  form  of  radiation  leaves  its  signature  In  h  differin’ 
ocular  tissue, 

3.  Evidence  of  such  tissue  Injury  can  be  detected, 

k.  The  susceptible  ocular  tissue  serves  as  a  cumulative 
dosimeter, 

5.  The  ocular  tissues  can  be  examined  In  vivo, 

6.  Physiological  fluctuations  ar.i  sampling  technlaaes  J  o  rot 
a. ter  t ne  findings,  and 

7.  The  findings  can  be  documented. 

The  findings  reported  to  date  are  significant  and  lnHca-»  *  ne 
need  for  continuance  of  this  survey.  In  addition,  they  shot,  id  be 
of  value  for  the  orientation  of  applied  research  programs  designed 
to  explore  the  basic  mechanisms  of  the  Interaction  of  electromagnetic 
energy  with  biological  systems. 


itespeatf ull v  submitted, 

Milton  M.  Zar°t,  M.  . 
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